ABSTRACT
Introduction
White dwarfs with magnetic fields between 10 4 and 10 9 G are thought to represent more than 10% of the total population of white dwarfs . The Sloan Digital Sky Survey (SDSS), the largest spectroscopic survey carried out to date, has discovered thousands of new white dwarfs, among them 102 with magnetic fields (MWDs) Schmidt et al. 2003; Vanlandingham et al. 2005) . By Data Release 3 (DR3) the number of known magnetic white dwarfs increased from 65 (Wickramasinghe & Ferrario 2000; Jordan 2001 ) to 167 (Kawka et al. 2007 ). The first seven magnetic DAs (DAHs) uncovered from SDSS were identified visually in the area of the initial Early Data Release (EDR Gänsicke et al. 2002) . Schmidt et al. (2003) added 46 objects in the DR1, 38 of them DAH plus three new magnetic DB (DBH), and five new MWDs showing metallic and molecular lines. Vanlandingham et al. (2005) reported on 49 additional new MWDs from the DR2 and DR3, specifically 46 new DAH, two new DQAs and one DQ with molecular bands. Schmidt et al. (2003) and Vanlandingham et al. (2005) determined the field strengths and the inclinations of magnetic dipoles by comparing visually the observed spectra with model spectra. They have used an extension of the modeling method of Send offprint requests to: B.
Külebi, e-mail: bkulebi@ari.uni-heidelberg.de Latter et al. (1987) and accounted for the effect of the change of magnetic field strength on line depths and the variation of the field strength over the stellar surface for only the unpolarized radiation flux, namely Stokes parameter I. Their analyses with this simplified method of radiation transport resulted in dipolar field strengths for the SDSS MWDs between 1.5 MG and ∼ 1000 MG. Including the pre-SDSS, formerly known MWDs their sample consisted of 111 MWDs, 97 were classified as DAHs.
In this work we present the re-analysis of SDSS DAHs, published by Gänsicke et al. (2002) , Schmidt et al. (2003) and Vanlandingham et al. (2005) , plus the analysis of 44 new ones from data up to DR7 (DR4 till DR7 were not systematically scanned for MWDs).
SDSS data
SDSS investigates five-band photometry of the Northern Galactic Polar Cap using the 2.5 meter telescope at Apache Point, New Mexico, with its special purpose instruments (Fukugita et al. 1996) . Follow-up spectroscopy of many stars is also performed with the twin dual beam spectrographs (3900 -6200 and 5800 -9200 Å, λ/∆λ ∼ 1800), in particular of blue objects like white dwarfs and hot subdwarfs ; Kleinman et al. 2004 ). Since the energy distribution of strongly magnetic white dwarfs can differ from nonmagnetic ones, MWDs are not only found in the SDSS color categories for white dwarfs or blue horizontal-branch stars, but may also fall into the color categories for quasars (QSOs), "serendipitous blue objects", and hot subdwarfs. Based on their colors, objects are assigned to fibers for follow-up spectroscopic investigations (for spectroscopic target selection see Stoughton et al. 2002) .
In order to identify magnetic white dwarfs from these samples, different techniques were used. From the sample of white dwarfs, selected by color cuts in the u-g vs g-r colorcolor diagram, Gänsicke et al. (2002) and Schmidt et al. (2003) used visual inspection. In the work by Vanlandingham et al. (2005) visual identification was augmented by the autofit process (Kleinman et al. 2004) , which fits spectra and photometry of hydrogen and helium white dwarfs to theoretical models. In particular white dwarfs with magnetic fields above 3 MG, are flagged due to the poor χ 2 fits of the autofit process, therefore MWDs with weaker magnetic fields might be overlooked (Vanlandingham et al. 2005) .
In addition to the data from the former SDSS MWD papers (DR1-DR3), we have analyzed new data of nineteen additional objects from the HYPERMUCHFUSS (HYPER velocity or Massive Unseen Companions of Hot Faint Under-luminous Stars Survey; see Tillich et al. 2009 ). This survey aims at the detection of high velocity under-luminous B stars and white dwarfs. The candidates were chosen by the selection criterion (ug)<0.4 and (g-r)<0.1 and spectral fits were performed in order to determine the radial velocity. Some objects showed formally very high negative radial velocities (≤ −100 km/s) but turned out to be DAHs. The reason for this is that the higher-order Balmer lines of magnetic white dwarfs are systematically shifted to the blue, even at relatively small magnetic fields (≤ 20 MG) due to the quadratic Zeeman effect, mimicking a high radial velocity. Additionally, 34 DAHs were serendipitously found in the course of a visual inspection of blue stellar objects from DR7. The total number of DAHs from SDSS is likely to grow further once a systematic search through all DR7 spectra is carried out.
The one-dimensional spectra which we used in this work were generated by SDSS's spectroscopic pipeline spectro2d and downloaded from the Data Archive Server.
Analysis
Our model spectra are calculated with a radiative transfer code for magnetized white dwarf atmospheres, which for a given temperature and pressure structure of a model atmosphere (T eff , log g) and a given magnetic field vector with respect to the line of sight and the normal on the surface of the star, calculates theoretical flux and polarization spectra (see Jordan 1992; Jordan & Schmidt 2003) .
In order to increase efficiency, we pre-computed a threedimensional grid of Stokes I and V (V spectrum not used due to the lack of polarization measurements) model spectra with effective temperature 7000 K ≤ T eff ≤ 50000 K in 14 steps, magnetic field strength 1 MG ≤ B ≤ 1.2 GG in 1200 steps, and 17 different directions of ψ relative to the line of sight as the independent variables (9 entries, equally spaced in cos ψ). All spectra were calculated for a surface gravity of log g = 8. Since no polarization information is available from the SDSS, our analysis is limited to the flux spectra (Stokes parameter I). Limb darkening is accounted for by a simple linear scaling law(see Euchner et al. 2002) .
The magnetic field geometry of the DAHs was determined with a modified version of the code developed by Euchner et al. (2002) . This code calculates the total flux (and circular polarization) spectra for an arbitrary magnetic field topology by adding up appropriately weighted model spectra for a large number of surface elements and then evaluating the goodness of fit. Magnetic field geometries are accounted for by multipole expansions of the scalar magnetic potential. The individual multipole components may be independently oriented with respect to the rotation axis of the white dwarf and offset with respect to its center, allowing in principle for rather complex surface field topologies. Additional free parameters are the white dwarf effective temperature and the inclination of the rotation axis with respect to the line of sight. Observed spectra can be fitted using an evolutionary algorithm (Rechenberg 1994 ) with a least-squares quality function.
Additionally to the Zeeman effect, Stark broadening has to be considered. For the case when the electric and magnetic fields are parallel Friedrich et al. (1994) have estimated the effect on stationary line components, which are transitions that vary slowly in wavelength for large intervals of magnetic field strengths. Stationary lines are more pronounced than nonstationary lines, since they are not smeared out extensively due to the variation of the magnetic field strength over the stellar surface.
However, no atomic data for hydrogen in the presence of both a magnetic and electric field are available for arbitrary strengths and arbitrary angles between two fields. Therefore, only a crude approximation (see Jordan 1992) is used in our model and systematic uncertainties are unavoidable, particularly in the low-field regime (≤ 5 MG) where the Stark effect dominates. Consequently, effective temperatures and surface gravities derived from fitting the Balmer lines alone are less reliable than in the case of non-magnetic white dwarfs. This may also result in disagreements with temperature estimates derived from the continuum slope.
Time-resolved analysis for rotating single magnetic white dwarfs was instrumental in determining rather complex field structures (e.g. VLT observations by Euchner et al. 2002 Euchner et al. , 2005 Euchner et al. , 2006 . However this usually relies on the preliminary knowledge of period which is usually derived via photometry, separately. Although the individual SDSS fiber spectra exists with 15 minute exposure time, due to the lack of information on spin period, we constrained ourselves to the coadded spectra which includes 3 or more individual spectra with total exposure time of at least 45 minutes. With the possible exception of a few bright objects, the signal to noise of the individual spectra would not be sufficient to find indication for rotational changes. Therefore, we had to restrict ourself to simple models for the magnetic field geometry, namely centered magnetic dipoles with only two free parameters or to dipoles offset along the magnetic axis which have three free parameters. These parameters are the magnetic dipole field strength B p ,and the inclination of the dipole axis i for centered dipole. For the offset dipole there is an additional offset parameter along the magnetic axis z off in terms of the stellar radius. For the 97 DAHs analyzed, we used the literature values for T eff which were determined by comparison to the theoretical nonmagnetic DA colors in the u-g vs g-r plane Vanlandingham et al. 2005) . The temperature of the new DAHs presented in Table 1 were estimated by the synthetic SDSS colorcolor diagrams by Holberg & Bergeron (2006) 1 , assuming that the influence of the magnetic field at the temperature determination is small, which is not always the case (see Schmidt et al. 1986; Gänsicke et al. 2001 , and Sec.4.2). All fits have reduced χ 2 values between 0.8 and 3.0 except for some high-field objects which obviously deviate from the assumed dipole geometry (see Sect. 4). We use the error calculation method of Zhang et al. (1986) , which assumes that a small change in χ 2 could be approximated by a linear expansion of the covariance matrix; for complex χ 2 topologies, this approximation is not sufficient. Moreover, the final error for the inclination is often very large.
Final fit parameters with errors are noted in Table 2 . In Fig. 1  and 2 we have shown fits of 12 DAHs, as an example. All of our remaining resulting fitted spectra can be found in the online version of this article (Fig. A.3-A.23 for the other DAHs).
Results

Individual objects
Three objects analyzed by Schmidt et al. (2003) and Vanlandingham et al. (2005) are omitted in this work. SDSSJ05959.56+433521.3 (G111-49) was listed by Schmidt et al. (2003) as a DAH, but is a Carbon-rich (DC) MWD (Putney 1995) . SDSSJ084716.21+148420.4 is a DAH+DB binary, in which the Helium component is quite strong in the spectrum. This dilution of the Hydrogen features hindered the analysis of this object by our code. Finally we failed to model J220029.08-074121.5 due to the lack of any discernible features in the SDSS spectrum.
Emission lines were found in SDSSJ102220.69+272539.8 and SDSSJ102239.06+194904.3 (the latter is shown in Fig. 1), Fig. 3 . Normalized histograms of the magnetic field strength distributions over the visible hemisphere of the star used for calculation of the synthetic spectra shown on Fig. 1 . Dotted lines represent the centered dipole models, solid lines indicate dipole models with offsets. very similar to SDSSJ121209.31+013627.7 which could indicate that these objects may be EF Eri like, magnetic cataclysmic variables with a brown dwarf companion Debes et al. 2006; Burleigh et al. 2006; Farihi et al. 2008) .
The spectra of the high-field objects SDSSJ224741.41-+145638.8 and SDSSJ101805.04+01123.5 (PG 1015+014, shown in Fig. 1 ) do not fit particularly well. At higher field strengths (> 50 MG) the spectra become very sensitive to the details of the magnetic field geometry, as was demonstrated by Euchner et al. (2002 Euchner et al. ( , 2005 Euchner et al. ( , 2006 . The deviations of the observed spectra from our theoretical spectra assuming (offset) dipole models hint therefore to a magnetic field geometry that is more complex than a shifted dipole. A more comprehensive analysis of SDSSJ101805.04+01123.5 showed that individually tilted and off-centered zonal multipole components with field strengths between 50-90 MG is needed to represent the global magnetic field (Euchner et al. 2006) , which was consistent with our analysis.
The colors of MWDs with high field strengths (> 50 MG) are known to differ from non-magnetic white dwarf colors due to the absorption from their spectral features as noted in Sec. 2. This behavior also affects temperature determinations from color-color diagrams. The analysis of SDSSJ224741.41-+145638.8 by Euchner et al. (2006) revealed effective temperature of T eff = 10000 ± 1000 K unlike T eff = 12000 K that is derived from color-color diagrams. We have used 10000 K for our models and this value gave better results, especially on the basis of line depths. When color derived effective temperatures were used a similar discrepancy with the slopes and line depths was also observed in SDSSJ224741.41-+145638.8. 17000 K was used in modeling by Schmidt et al. (2003) , but the colors of SDSSJ224741.41+145638.8 lies beyond the Holberg & Bergeron (2006) grid of logg -T eff in u-gg-r plane. In our procedure we accomplished the best result with 50000 K for this object on the basis of slope and line depths. On the other hand, some high-field objects in our sample like SDSSJ135141.13+541947 (Fig. 1) were fitted well and this discrepancy between the temperature derived by colors vs spectral fits was not observed.
For some fits, observed and computed spectra strongly differ in line depths. These unsatisfactory fits revealed two different kind of symptoms: Either σ ± components were shallower than expected from their sharp π counterparts in observed spectra with respect to the models; or both σ ± and π components of the lines were shallow at the same time.
The occurrence of sharp line cores with shallow wings in the spectra was already noted for J123414.11+124829.6 by Vanlandingham et al. (2005) . It has been suggested that this might be a result of deviation from centered dipole geometry, and our fits with offset dipole models proved to be considerably better than the centered dipole models in reduced χ 2 . For lower magnetic strengths (< 50 MG) the smearing effect of offset dipole models affects only the σ ± components of the lines. The reason is that in this field regime σ ± components become more separated while the π components are only slightly blue shifted with increasing field strength. Therefore smeared out wings with sharp line cores can be synthesized by adding up a larger range of magnetic field strength values. Dipole models with offsets can generate such extended magnetic field distributions (see Sec. 4.2). Our fit to J123414.11+124829.6 was considerably better but we did not reproduce the exact profile. Another possible explanation of such a spectrum is the contribution from a non-magnetic DA, which would dilute the σ ± components causing an increased contrast between wings and line cores. dipole models improved our fits, further analysis is needed to disentangle the effect of geometry versus possible contribution from a non-magnetic DA.
For the other case, J113756.50+574022.4 (see Fig. 1 ) has very shallow features, with discernible magnetic wings. Neither a complicated geometry nor a change in effective temperature explains this lack of line depth. Nevertheless, the magnetic field strength could be derived from the extent of the wings. We suspect that this object may be an unresolved spectroscopic binary (e.g. with DA+DC components), since in these situations Hydrogen line strengths are known to be suppressed by the other component (Bergeron et al. 1990; Liebert et al. 1993 One interesting outcome of our work was the modeling of J033320.36+000720.6 which was formerly identified in the Hamburg/ESO survey for bright quasars, as HE 03330-0002 (Reimers et al. 1998) . Its magnetic property was confirmed by Schmidt et al. (2001) by circular polarimetry; nevertheless the modeling of the HE 03330-0002 was not possible, since the transitions in its spectrum were thought not to be explainable with hydrogen or with helium transitions. Although J033320.36+000720.6 was already discovered in the EDR, due to this lack of knowledge about the atmosphere Gänsicke et al. (2002) did not try to model it with pure hydrogen atmosphere.
However we have noticed that some of the lines in the spectrum of J033320.36+000720.6 possibly coincided with hydrogen stationary lines. With this incentive we modeled it with a 7000 K DAH atmosphere. Our initial fits with a centered dipole resulted in a dipolar field strength of ∼850 MG (see Fig 2) which produced the position but not the depths of three transitions. More careful modeling with an offset dipole showed that the mean field strength over the visible surface is much more concentrated than a regular dipole field geometry. Fig. 4 shows that the mean field strength is dominated by an interval of field strengths between 390 − 470 MG. When we consider the apparent peak value of this distribution, we get commensurable line positions for three lines in the spectrum as Hα transitions (see table 2 ). The pure hydrogen atmosphere did not account for the red part (λ < 5500Å) of the spectrum. Apparently there are additional opacity contributions from different species of elements, both to continuum and to the line features.
Magnetic field geometry
In this work we have modeled a large sample of DAHs with dipole magnetic fields with offsets of the magnetic axis. However, visualization of these model parameters is not straightforward. The effect of the dipole offset on the model spectrum depends on both inclination and the polar field strength. However, the polar field strength is not a representative value for the global magnetic field on the visible surface if the offsets are large. The most direct way to investigate a model geometry is to construct a diagram with the angle between the line of sight and the local magnetic field vector versus the magnetic field strength plots which are equivalent to the ZEeman BRoadening Analysis (ZEBRA) plots of (Donati et al. 1994 ). For our case since we did not have polarization data, we only considered the magnetic field strength distribution histograms for simplicity. In general the effect of the offset dipole models is to extend or reduce the range of magnetic field strengths over the visible surface of the MWD, which is a fixed factor of two for centered dipole models (see Fig. 3 ). For offset dipoles the range depends on the values of B p and the inclination i. In order to quantify the difference between the centered and off-centered dipole models we determined the average and the standard deviation σ of the distribution of the magnetic fields for the parameters of our best fits. The relative change of the standard deviations σ centered and σ offset is given by σ rel = σ offset −σ centered σ centered . σ rel = 0 indicates that the width of the centered and offset dipole models are the same; σ rel < 0 means more concentrated than a dipole field, in the case of σ rel > 0 the distribution of field strengths is more extended.
To discuss the magnetic field geometry of our sample, we plotted the histogram of σ rel values for all known SDSS DAHs except the ones that were discussed in Sec. 4.1 as possible binaries (Fig. 5) . The average σ rel for this sample turned out to be 2.18. This means even with rather mediocre signal to noise spectra of SDSS, an overall the tendency towards non-dipolarity is observed in our sample of white dwarfs.
General discussion
Overall our results are consistent with the former analyses on DAHs (see Fig. 6 ), which shows that simple atmosphere models with pre-assumed dipole magnetic values are good approximations for these objects. In all of the cases offset dipole models resulted in significantly better fits than the models with centered dipoles. We have noted in Section 4.1 that still for some DAHs with high fields, completely satisfactory fits cannot be achieved with offset dipole models. This hints to a magnetic field geometry that is more complex than a shifted dipole.
The dipole magnetic field Ohmic decay timescale is 10 10 yr. Even the higher multipoles can live for such a long period of time (Muslimov et al. 1995) . Therefore, no significant correlation between temperature and magnetic field strength is expected if temperature is assumed as an indicator of age (Fig. 8) . This lack of correlation supports the fossil ancestry of these fields inherited from earlier stages of stellar evolution.
Conclusion
In this paper we have analysed 141 DAHs, 97 of them previously analysed and 44 of them being new. Gänsicke et al. (2002) conservatively estimated that the total number of MWDs would be tripled by the complete SDSS coverage. This expectation is already surpassed before the end of the systematic search over the latest data releases. Additionally our consistent modeling over the data releases, show that within the SDSS DAH population there is a tendency to deviate from simple centered dipoles. There are clear indications of deviation from centered dipole models in least 50% of the SDSS DAHs (see Fig 5) .
The distribution of the magnetic field strengths of the MWDs from the Schmidt et al. (2003) sample is concentrated in the ∼5 -30 MG interval. We have updated the magnetic field strengths of all known DAHs and created a histogram (Fig. 7 . The values were taken from Jordan (2009) , which is an extended and corrected version of Kawka et al. (2007) . The same overabundance in the range ∼5 -30 MG as discussed in Schmidt et al. (2003) is apparent in Fig. 7 , but overall SDSS has nearly tripled the number of DAHs and conversely the completeness of the total MWD population is affected significantly by the SDSS biases because of this high impact of SDSS.
High field MWDs are thought to be remnants of magnetic Ap and Bp stars. If flux conservation is assumed, the distribution of the polar field strengths of high field MWDs should be largest in the interval 50-500 MG. In our sample, objects with magnetic field strengths lower than 50 MG are more numerous than the objects with higher magnetic field strengths (see Fig. 7 ). Part of this effect is due to our biases (see Section 2) . Nevertheless it is consistent with previous results and supports the hypothesis that magnetic fossil fields from Ap/Bp stars only are not sufficient to produce high field MWDs (Wickramasinghe & Ferrario 2005) . Aurière et al. (2007) argued that dipole magnetic field strengths of magnetic Ap/Bp stars have a "magnetic threshold" due to large scale stability conditions, and this results in a steep decrease in the number of magnetic Ap/Bp stars below polar magnetic fields of 300 G.
A possible progenitor population for MWDs with dipolar field strengths below 50 MG is the currently unobserved population of A and B stars with magnetic field strengths of 10 -100 G. Wickramasinghe & Ferrario (2005) suggested that if ∼ 40% of A/B stars have magnetism, this would be sufficient to explain the observed distribution of MWDs. However, the existence of this population seems to be highly unlikely since investigations of Shorlin et al. (2002) and Bagnulo et al. (2006) for magnetism in this population yielded null results, for median errors of 15 -50 G and 80 G, respectively. Another candidate group for these MWDs with lower field strengths is the yet undetected magnetic F stars . But this conclusion is strongly affected by SDSS MWD discovery biases.
In our work we quantified the deviation from centered dipoles in our sample. To test the fossil field hypothesis one can look at the statistical properties of the fields of Ap/Bp stars. One such statistical analysis was made by Bagnulo et al. (2002) . In their work they used the the mean longitudinal field, the crossover, the mean quadratic field and the mean field modulus to invert the magnetic field structure modeled by a dipole plus quadrupole geometry (the modeling procedure is explained in depth in Bagnulo et al. 1996; Landolfi et al. 1998) . The aim of this analysis was to characterize the sample rather than find the best fit for each object. Using the aforementioned observables they analyzed 31 objects and ended up with 147 "good fit" models. These models corresponded to the minima of the χ 2 hypersurfaces in their inversion procedure. Later model parameters were weighted by these reduced χ 2 values in assessing their statistical properties. Bagnulo et al. (2002) investigated the quadrupole vs dipole dominance of the magnetic field models by plotting weighted histograms of B d /B q . Where B d is amplitude of dipole field strength (B p in this work), and B q is the amplitude of the quadrupole field strength. The main differences between our analysis and Bagnulo et al. (2002) was the usage of visual magnetic field distributions rather than the global magnetic field inferred from the time resolved observations. The relationship between B d /B q to our skew parameter is not so straightforward since the structure of the total field depends on the angle between dipole and quadrupole components. If we were to consider B d /B q = 1 as the point where quadrupole component starts to dominate, 63% of the models can be considered dominantly quadrupolar (see Fig. 3 of Bagnulo et al. 2002) . Hence our conservative assessment of at least 50% of DAHs having non dipolar field, seems to be consistent with this result.
However one needs to be careful in considering the correspondence between the geometry between MWDs and their progenitors since theoretical models expect the field on the surface to evolve under certain conditions. Braithwaite & Spruit (2004) investigated the stable configurations of magnetic fields in stars with their magnetohydrodynamics code. Their work resolves that initial random fields decay and within a few Alfvén timescales to a poloidal plus toroidal stable configuration. During the star's evolution, its toroidal field may diffuse outwards since the Ohmic diffusion time scale is within the order of the lifespan of an Ap/Bp star (Braithwaite & Nordlund 2006) . On the Ohmic time scale, the expected initial offset-dipole configuration of the surface magnetic field evolves to a simple centered dipole. Hence Braithwaite & Nordlund (2006) hypothesized that Ap stars with centered dipole fields are likely to be older than Ap stars with non-dipolar geometries. It is important While black dots represent all known SDSS DAHs, grey dots indicate the DAHs from literature that were not analyzed in this work. The random distribution of field strengths with respect to age indicator temperature is consistent with long decay timescale of DAHs with respect to their cooling age.
to mention that the concentration of the field inside the star is also an important parameter which contributes to the structure of the surface magnetic field. A highly concentrated field results in a surface field structure with higher order multiples after the internal toroidal field formation. The relative importance between the Ohmic diffusion (i.e. the age) and concentration of the initial field on the surface magnetic field structure was not further investigated. Nevertheless if the Ohmic diffusion timescale is effective in the lifetime of an Ap star, then the field configurations of an older population of Ap stars are more relevant for comparison to the magnetic field distribution of MWDs. This kind of work has not been undertaken for the Ap stars yet.
If we neglect the possibility that older Ap stars may behave differently from the whole sample of this group and the field structure of MWDs do not evolve unlike what Muslimov et al. (1995) suggested (see Sec. 4.3, then the global analysis of Bagnulo et al. (2002) implicates that the distribution of field structures of chemically peculiar stars and DAHs are comparable, hence supporting the fossil field hypothesis.
In addition to the isolated evolution scenario, recently a binary star origin was proposed by Tout et al. (2008) for generating magnetic fields in WDs. In this picture during the evolution to the cataclysmic variables (CVs) the cores of giants go to a common envelope (CE) phase. During this phase the orbital angular momentum is transferred to the envelope as the two cores spiral in together. This process causes differential rotation and convection within the CE, which are the ingredients for magnetic field generation (see Tout et al. 2008 , and references therein).
A consistent account for the origins of magnetic fields in WDs awaits the finalization of the complete sample of SDSS MWDs. Table 2 . Model fits with centered dipole and offset dipole models with comparison to literature values. The columns indicate the SDSS name of the object; the plate, Modified Julian Date and fiber ids of the observations; the dipole magnetic field strength of the centered dipole, the inclination with respect to the line of sight of the centered dipole, the dipole magnetic field strength of the offset dipole, the inclination with respect to the line of sight of the offset dipole, the offset along the axis of the magnetic field in terms of the stellar radius, and finally comments indicate the model parameters from the literature (i.e. Gänsicke et al. 2002; Schmidt et al. 2003; Vanlandingham et al. 2005) 
